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Purpose: The purpose of this study was to evaluate the feasibility and effectiveness of surgical reconstruction of the
renal artery after complicated or failed percutaneous transluminal renal angioplasty (PTRA).
Methods: This was a retrospective study of 45 consecutive patients who were referred to our centers for surgical renal
artery reconstruction after 52 complicated or failed PTRA procedures performed between 1980 and 2003. There
were 27 women and 18 men, with a median patient age of 28 years (25th percentile, 13.5 years; 75th percentile, 59.5
years). The mean number of PTRA per artery per patient was 1.4  0.6. Renal artery stenosis was due to arterial
fibrodysplasia in 25 patients, atherosclerosis in 17, and inflammatory arteritis in three.
Results: Forty-eight renal artery revascularizations were performed (3 bilateral). The procedure consisted of in situ
surgery in 38 patients (79%) and extracorporeal repair in 10 (21%). Primary nephrectomy was required in three patients.
One patient did not undergo surgical repair after failed PTRA because of kidney atrophy. Major technical problems were
encountered during surgical revascularization in 14 (74%) of the 19 patients treated after complicated PTRA and in four
(12%) of the 33 patients treated after failed PTRA. Multiple organ failure led to one death on postoperative day 90 in a
patient with atherosclerosis and severe kidney insufficiency. Postoperative thrombosis of the repaired renal artery led to
kidney loss in three patients, but only one patient required secondary nephrectomy. Primary patency for the overall series
of renal revascularizations was 93.5%  6.5% at 5 years.
Conclusion: Surgical reconstruction after complicated or failed PTRA is feasible and effective and allows kidney salvage
inmost patients. Technical problems during surgical revascularizationmay require extracorporeal repair in some patients.
The results of this study underline the need for careful patient selection and skillful PTRA technique. (J Vasc Surg 2006;
44:537-44.)Introduced in the early 1980s, percutaneous translumi-
nal angioplasty is now liberally used for treatment of renal
artery stenosis.1 Although the immediate outcome of per-
cutaneous transluminal renal angioplasty (PTRA) is gener-
ally good, complications or failures requiring surgical revas-
cularization occur in a non-negligible percentage of
patients.1-7 The purpose of this retrospective study was to
evaluate the feasibility and effectiveness of surgical renal
artery reconstruction after failed or complicated PTRA.
Because the pitfalls and outcome of this type of salvage
surgery have rarely been reported,6,7 the findings of this
study should be helpful in designing operative strategies to
deal with failed or complicated PTRA.
METHODS
Patient population. This was a retrospective study of
a consecutive series of 27 women and 18 men referred to
our departments for surgical revascularization of one or
both renal arteries after 52 unsuccessful PTRA procedures.
In all patients, the indication for PTRA was severe hyper-
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Five patients had moderate kidney insufficiency (serum
creatinine, 1.5 to 2 mg/dL) and one patient had severe
kidney insufficiency (serum creatinine, 3.5 mg/dL).
In 25 patients, the underlying arterial disease was fibro-
dysplasia classified from biopsy findings as medial in 13
patients, including five with branch involvement, perime-
dial without branch involvement in five patients and intimal
without branch involvement in five patients. Precise classi-
fication of fibrodysplasia could not be established in two
cases. Division branches of the stenotic renal artery were
not dilated during angioplasty unless branch lesions were
located proximally.
In 17 cases the underlying disease was atherosclerosis.
Atheromatous lesions were nonostial in all but two patients
who presented with ostial atheromatous stenosis that was
treated by primary stent placement. In the remaining 3
patients the underlying disease was inflammatory arteritis
related to Takayasu’s disease.
Nine patients in this series had only one kidney.Median
patient age was 28 years with a bimodal distribution ac-
cording to etiology. Mean age was 18  11 years for
patients presenting with fibrodysplasia or Takayasu disease
and 61  12 years for patients presenting with atheroma-
tous arterial disease (Fig 1).
PTRA techniques. The PTRA procedures in this se-
ries were performed between January 1980 and December
2003 at various outside centers. The patients underwent
one to four consecutive PTRA procedures on the same
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patients had bilateral PTRA that was done during the same
procedure in three patients and in separate procedures in
four patients. A stent was inserted in eight arteries. Only
one stent was used before 1990. Five of the eight stents that
were placed were used for primary treatment, plus one after
arterial dissection after PTRA and two for recurrent steno-
sis after PTRA.
Complications and failures of PTRA are described in
Fig 2. Major complications of PTRA occurred in 19 arteries
in 15 patients, with four bilateral complications. Complica-
Fig 1. Patient age distribution according to the etiology of renal
artery disease. For the entire series, mean age was 34.4 years, and
median age was 28 years (25th percentile, 13.5 years; 75th percen-
tile, 59.5 years). Bimodal age distribution was correlated with
underlying disease etiology. Young patients presented with renal
fibrodysplasia or Takayasu’s disease (mean age, 18  11 years),
whereas older patients presented with atheroma disease (mean age,
61  12 years).
Fig 2. Study flowchart shows the outcome of 52 percutaneous
transluminal renal angioplasties (PTRA) procedures in 45 pa-
tients. Major complications of PTRA occurred in 19 arteries (15
patients) and immediate or late failure occurred in 33 PTRA (30
patients). Forty-eight renal artery reconstruction procedures were
performed, including 10 involving extracorporeal repair. Primary
nephrectomy was performed in three cases. One patient had an
atrophic kidney that prevented operative treatment.tions were immediate in 13 patients, including arterialrupture in one patient, covered perforation in two (Fig 3),
acute arterial thrombosis in five (Fig 4), and dissection in
five (Fig 5). Complications were delayed in two patients,
with major worsening of renal artery stenosis in one patient
(Fig 6) and aneurysm in one patient (Fig 7).
Immediate or late failure occurred in 33 PTRA proce-
dures in 30 patients, with three bilateral failures (Fig 2).
Fig 3. Angiography shows covered perforation of a renal artery
during angioplasty. Large arrow indicates a periarterial hematoma.
Small arrow indicates the angioplasty catheter.
Fig 4. Operative view shows postangioplasty dissection of the
renal artery associated with arterial thrombosis. The patient under-
went emergent treatment.Immediate failure (n 16) was defined as either inability to
mal st
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inflation of the balloon to a pressure of at least 10 bars or
the persistence of residual stenosis of50% of the lumen at
the end of the procedure. Late failure (n 17) was defined
as restenosis 50% of the vessel lumen, occurring 1 to 84
months (mean, 7.9 months) after angioplasty. Patients in
whom catheterization of the renal artery failed were ex-
Fig 5. A,Angiography shows dissection (arrow) after angioplasty
of a recurrent stenosis of the left renal artery after splenorenal
anastomosis in a patient with only one kidney. B, Angiography
after emergent extracorporeal repair with autotransplantation of
the kidney into the left iliac fossa and renal artery anastomosis to
the common iliac artery.
Fig 6. Significant aggravation of a renal artery stenos
A, Initial status: right renal artery fibrodysplasia with proxi
stenosis (arrows) has extended and now involves the fullcluded from the study.Among the seven patients who underwent bilateral
PTRA, one had bilateral complications, three had bilateral
failures, and three had failure on one renal artery combined
with a complication on the contralateral renal artery.
The same criteria were used to assess the effect of PTRA
and surgery on hypertension8 and renal function.9 Patients
were considered cured if blood pressure was strictly normal
er angioplasty in a patient with arterial fibrodysplasia.
enosis (arrow). B, Final status after two angioplasties. The
h of the previously healthy superior renal artery branch.is aftwithout medication and improved if less medication (ie,
ry 20
JOURNAL OF VASCULAR SURGERY
September 2006540 Lacombe and Riccotwo-agent instead of four-agent treatment) was needed to
achieve normal blood pressure. Failure was defined as no
change in blood pressure level or treatment requirements
compared with preoperative data.
Objective measurements included daily blood pressure
readings taken by the patient at home and by medical
personnel at the hospital. Renal function response to an-
gioplasty or surgery was defined as cured if the serum
creatinine concentration was 1.5 mg/dL, improved if it
decreased more than 20%, and worsened if it increased
20%, dialysis was required, or renal-related death oc-
curred. Patients who had20% change in serum creatinine
concentration after the procedure were considered to have
stable renal function.
The response to primary or secondary PTRA was as-
sessed according to underlying disease:
Arterial hypertension. In the nonatherosclerotic dis-
ease group, including patients with fibrodysplasia and
Takayasu’s disease (n 28), there were 15 initially success-
ful PTRA, followed by normalization of blood pressure. In
the remaining patients, PTRA led to either immediate
failures (n  10) or acute complications requiring emer-
gent surgical intervention (n  3). In the atheromatous
arteriopathy group (n  17), PTRA was initially successful
in eight, followed by improvement in blood pressure in five
and no change in three. In the remaining patients, PTRA
led to immediate failure (n  5) or acute complications
requiring emergent surgical intervention (n  4).
Renal function. In the nonatherosclerotic disease
group, all patients had normal renal function before PTRA.
Renal function remained normal after PTRA in all but one
case involving an infant that underwent emergent surgical
treatment for PTRA-related dissection with acute renal
insufficiency that resolved completely after surgical revas-
cularization. In the atheromatous arteriopathy group, six
Fig 7. Evolution of a pseudo aneurysm occurring afte
angioplasty in September 1998. B, Same artery in Januapatients that presented with moderate renal insufficiencyshowed no improvement after PTRA and were considered
stable. One patient presented with severe renal insufficiency
that worsened after bilateral simultaneous angioplasty and
finally required hemodialysis after surgical revascularization
and died90 days from progressive multiple organ failure,
despite hemodialysis.
RESULTS
Surgical renal artery revascularization. Forty-eight
renal artery revascularizations, including three bilateral pro-
cedures, were done in 45 patients (Table). In situ revascu-
larization was performed in 38 patients (79%). In the
remaining 10 patients (21%), revascularization required
extracorporeal repair with hypogastric artery grafting and
reimplantation or autotransplantion of the kidney (Fig 5).
Overall primary patency for the 48 renal revasculariza-
tions in this series was 93.5%  6.5% at 5 years. Primary
patency at 5 years was 94.1% 5.8% for the 18 revasculariza-
tions in 17 patients with atheromatous lesions and 93.3%
6.7% for the 30 revascularizations in 28 patients with
nonatheromatous lesions (Fig 8). Satisfactory restoration
of renal blood flow was achieved in all but three patients
(6%), who presented with postoperative occlusion of the
revascularized artery that occurred immediately after treat-
ment of arterial fibrodysplasia in two patients and after
treatment of atheromatous stenosis in one. These three
patients had extensive PTRA-related arterial and periarte-
rial lesions that prevented repair from being performed on
a healthy compliant vessel.
In addition, permanent lesions of the kidney in the
form of segmental infarcts were observed in six patients
(12.5%). These lesions were probably caused by embolism,
thrombosis, or distal dissection that occurred during PTRA
because all were diagnosed before surgical revasculariza-
ght renal artery angioplasty. A, Immediate result after
01.r a rition.
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patient was lost to follow-up. All patients underwent color
duplex scanning of the renal arteries and angiography30
days after surgical revascularization. Each patient was ex-
amined by the nephrologist and surgeon at 1 month,
6 months, and yearly with color duplex scanning thereafter.
In cases involving arterial surgery in children, follow-up
included angiography to assess the morphology of renal
revascularization in function of the child’s growth.
Feasibility of surgery after complicated PTRA.
Nineteen patients underwent surgical repair after compli-
cated PTRA (Fig 2). Treatment consisted of renal artery
revascularization in 15 patients, including five extracorpo-
real repairs (33%). In three patients, renal artery revascular-
ization was unfeasible and treatment consisted of three
primary nephrectomies for PTRA-related complications:
arterial rupture in one, extensive dissection involving the
terminal branches of the renal artery with kidney infarction
in one, and major postangioplasty renal artery fibrosis pre-
cluding any type of surgical revascularization in one. Renal
artery repair was not attempted in the remaining patient, in
whom PTRA caused worsening of renal artery stenosis and
severe renal atrophy.
Major technical problems were encountered in 14
(74%) of the 19 patients treated after complicated PTRA.
The most frequent problem involved major periarterial
fibrosis that prevented surgical dissection of the artery in
which angioplasty had been performed so that the only
alternative was to perform distal anastomosis on the pri-
mary branches of the renal artery. Ex situ revascularization
was required in four patients. In addition to these surgical
dissection difficulties, renal anastomosis was problematic in
five patients in whom the renal artery had become fragile by
arterial wall dissection during angioplasty.
Emergent surgical exploration of the renal artery was
done in seven patients who presented with acute PTRA-
related complications, including arterial dissection (n5with
4 thromboses), thrombosis without dissection (n  1), and
arterial rupture (n  1). In the other 12 patients, surgical
exploration was performed at variable intervals after the last
Table. Renal artery revascularization used in 45 patients
Revacsulazation techniques Arteries
Partial resection of renal artery with end to end
anastomosis or allograft interposition 4
Bypass originating from the aorta
Prosthesis 11
Arterial autograft with hypogastric artery 13
Saphenous vein 1
Bypass originating from a splanchnic artery
Splenorenal 6
Hepatorenal 2
Mesentericorenal 1
Extracorporeal surgery with hypogastric arterial
autografting and kidney auto-transplantation 10
Total 48PTRA procedure (Fig 9). In general, dissections were nottreated emergently unless required for kidney salvage. Four
of the five patients with arterial dissection presented with
either acute thrombosis or lesions that could not be recana-
lized by the percutaneous route. The remaining case in-
volved an infant who had only one kidney and presented
with oligoanuria after PTRA. Two other dissections were
operated on at intervals of 45 days and 21months. One was
treated by secondary stent placement that failed to prevent
the dissection from extending distally.
Feasibility of surgery after failed PTRA. In all 33
Fig 8. Primary patency (Kaplan-Meier method) observed after 48
renal artery revascularization procedures with the number of pa-
tients exposed to risk for each interval and calculation of 95%
confidence interval. At 5 years, primary patency was 94.1% 
5.8% for the 18 revascularizations in patients with atheromatous
lesions (full lines), and 93.3%  6.7% for the 30 revasculariza-
tions in patients with nonatheromatous lesions (dotted lines).
Primary patency was 93.5%  6.5% at 5 years for the entire series.
Fig 9. Interval between the last percutaneous transluminal renal
artery angioplasty (PTRA) and open surgical treatment. The mean
interval (vertical line)was 263 days (25th percentile, 11 days; 75th
percentile, 285 days). Thirteen procedures (25.5%), including
seven emergent procedures, were performed first 30 days after
PTRA.patients treated after failed PTRA, surgical repair consisted
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real repairs (15%). Technical problems were encountered in
four (12%) of 33 patients treated after failed PTRA. Oper-
ative findings showed evidence of PTRA-related renal dam-
age after repeated angioplasty causing lesions of the termi-
nal branches of the renal artery that had been documented
as healthy on preangioplasty arteriograms (Fig 6). Surgical
exposure of the renal artery in these patients was impeded
by periarterial fibrosis. In addition, three patients had
PTRA-related segmental kidney infarction that compro-
mised functional outcome.
Effectiveness of surgery according to etiology.
Improvement in blood pressure and kidney function ac-
cording to our previous definitions8,9 depended on the
underlying arterial disease. Outcome was excellent in the
25 patients with arterial fibrodysplasia. Blood pressure be-
came normal in 21 (84%) that were considered cured,
improved in three (12%), and remained unchanged in one
(4%). The patient in whom surgical revascularization failed
to improve blood pressure presented with PTRA-related
kidney infarcts. All patients with arterial fibrodysplasia
maintained or recovered normal renal function.
Surgical revascularization was less beneficial in 17 pa-
tients with atheromatous lesions. Blood pressure improved
in nine patients (53%) and remained unchanged in seven
(41%). Only one of the eight patients who initially pre-
sented moderate kidney insufficiency (serum creatinine
2.5 mg/dL) recovered normal renal function after surgi-
cal renal artery reconstruction and was considered cured. As
mentioned, one patient progressed to dialysis dependence.
The initial serum creatinine level before PTRA was 3.5
mg/dL. This patient underwent bilateral PTRA that was
complicated by bilateral covered perforation. After PTRA,
the serum creatinine level was 6.5 mg/dL. Despite surgery
at that time, renal function continued to deteriorate and
hemodialysis was required. This patient died on follow-up
at day 90.
The number of patients who had inflammatory arteritis
in this series was too small (n  3) to allow any statistical
analysis. Blood pressure became normal in one patient,
improved in one, and remained unchanged in one.
DISCUSSION
Despite its many advantages, PTRA presents a number
of technical limitations that can lead to failures and compli-
cations. In a review of 996 patients who underwent PTRA
at major interventional radiology centers in North America
and Europe, Martin1 reported that the rate of immediate
complications involving either the dilated artery or the
kidney was 13%. Regarding failure, perusal of series describ-
ing PTRA showed high immediate and secondary resteno-
sis rates consistently ranging from 15% to 25%.1
In an effort to reduce restenosis rates, renal artery
stenting became widespread during the 1990s; however,
the effectiveness of stenting proved to be limited owing to
the relatively high incidence of intrastent recurrences. In a
1998 review of 11 series dealing with renal artery stenting,
Fiala et al2 found that restenosis rates were 6% to 44%. Thesame authors reported a65% restenosis rate in their own series.
Restenosis rates after stent placement in more recent series3-5
were 15% to 30%. These findings suggest that stenting has
had no significant impact on the incidence of restenosis
after PTRA.
Failure or complications of PTRA can have severe
consequences on renal function. Acute arterial thrombosis
after angioplasty almost invariably causes deterioration of
kidney function that adds to any pre-existing kidney insuf-
ficiency. Moreover, acute complications of angioplasty can
lead to life-threatening situations for patients with multiple
organ dysfunction, especially in association with atheroscle-
rosis. It should be noted that Martin1 reported a mortality
rate of 0.5% in his large series of PTRA procedures. Even
without complications, restenosis after failed PTRA leads to
recurrence of hypertensive disease and possible renal insuf-
ficiency.
The extent of mechanical injury induced by PTRA at
the angioplasty site varies. A spectrum of angioplasty-
related injuries can occur, including intimal lesions, disten-
sion of the arterial layers, especially the media with hemor-
rhagic suffusion, and even rupture of the internal elastic
lamina with dissection of the artery. Dean et al6 stressed the
role of postangioplasty periarterial fibrosis.
In our experience, the most extensive injuries were
noted in the complicated PTRA group and appeared to be
related to the mechanisms of organization of a periarterial
hematoma due to covered perforation of the artery and
fibrous transformation of hemorrhagic suffusion in the
arterial wall. Some hemorrhagic areas extended well beyond
the limits of the initial narrowing, which could explain the
worsening and distal extension of the stenosis considered as
late complications in four patients in our series. Angioplasty-
relatedmechanical injuries can affect both the feasibility and
effectiveness of surgical renal artery revascularization.
Technical problems encountered during surgical revas-
cularization after failed or complicated PTRA vary. In our
experience, most technical problems were observed in the
19 patients treated after complicated PTRA, who also
exhibited the most extensive injuries at the angioplasty site.
Five patients (33%) required extracorporeal repair and three
(16%) required primary (n2) or secondary (n1) ne-
phrectomy. Fewer problems were encountered during sur-
gical revascularization after failed PTRA (n  33). Tech-
niques used in the failed PTRA group were more similar to
those used in patients undergoing primary surgical revas-
cularization. In our experience, the percentage of patients
requiring extracorporeal repair was lower in patients treated
after failed PTRA than complicated PTRA (12% vs 33%).
Most technical problems involved surgical dissection of
the artery. Management protocol and operative strategies
must be tailored to each case. A great deal of patience is
needed to “carve” the artery out of the fibrosis. We recom-
mend progressing first to the division branches of the renal
artery. Locating the nondissected division branches is essential
so that distal anastomosis can be performed on a healthy
arterial segment. In some patients, it may be impossible to
dissect the arterial segment in which angioplasty was per-
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of dense fibrosis can be an indication for kidney autotransplan-
tation to optimize conditions for ex situ revascularization.
Primary surgical repair of the renal artery probably would
have avoided the need for nephrectomy in this series because
all three indications for nephrectomy were due to PTRA-
related complications, including arterial rupture, extensive
dissection of the artery with irreversible renal ischemia, and
major arterial and periarterial fibrosis preventing any possibil-
ity of arterial repair. Similarly, primary surgical revasculariza-
tionmight have avoided postoperative thrombosis because all
three cases in this series occurred in patients presenting with
extensive arterial and periarterial lesions inflicted during
PTRA. These lesions prevented repair from being performed
on healthy, compliant branch vessels.
Therapeutic indications after unsuccessful angioplasty
depend on the setting. If an acute complication occurs and
normal patency of the artery cannot be restored in the
interventional radiology suite, emergent surgery offers the
best chance of successful kidney salvage. Seven patients
(15%) in our series required emergent surgery. In nonemer-
gent cases, there is time to discuss themost suitable strategy
between repeat angioplasty and surgical revascularization.
Decisions must be made on a case-by-case basis by a team
that includes a nephrologist, a radiologist, and a surgeon.
Repeat angioplasty carries the risk of repeat failure, but
surgical revascularization can be more difficult when per-
formed after multiple PTRA procedures. In our opinion,
there is little use in repeating PTRA more than twice.
Few previous authors have studied the feasibility and
effectiveness of surgical revascularization after unsuccessful
angioplasty. Wong et al7 encountered problems during
surgical revascularization after unsuccessful angioplasty in
50% of patients presenting with atheroma and 65% of
patients with arterial fibrodysplasia. Conversely McCann
et al,10 Martinez et al,11 and Desai et al12 noted no differ-
ence in surgical feasibility after failed or complicated
PTRA. Several other previous studies have documented
the feasibility of surgical revascularization after unsuc-
cessful angioplasty.6,7 The results of our experience sup-
port this conclusion because the outcome of surgical renal
artery revascularization was good in most patients. Never-
theless, it must be noted that balloon angioplasty causes
injuries, such as periarterial fibrosis that can impede vessel
dissection, and fibrous lesions of arterial layers that increase
the risk of postoperative complications, including throm-
bosis. Because of these potential problems, conversion
from in situ to extracorporeal repair should always be
considered as a contingency.
Like Wong et al,7 we observed that surgical revascular-
ization is more difficult after stent placement. If stent
removal is not possible during surgery, suture or ligation of
the renal artery should include the stent to rule out the
potential risk of stent migration into the aorta. In addition,
our experience in three patients with failed or complicated
bilateral PTRA shows that treatment of both renal arteries
during the same procedure may be unsafe. We recommend
a two-stage approach.Dean et al,6 who encountered technical difficulties in
five of 12 surgical revascularization procedures after unsuc-
cessful angioplasty, strongly advocated more selective use
of PTRA, taking into account the fact that surgical treat-
ment is easier when performed as a primary rather than
secondary procedure. As a general rule, we agree with this
strategy. We performed 689 primary renal revasculariza-
tions with 17 postoperative occlusions (2.5%) compared
with three postoperative occlusions (6.6%) in this series.
Consequently, we recommend considering surgical revas-
cularization as the primary treatment for all types of arterial
fibrodysplasia.
Surgical revascularization may also be indicated for
primary treatment in several other situations; for example,
atheromatous stenosis associated with extensive calcifica-
tion, anatomically difficult lesions such as those involving
the renal bifurcation or associated with aneurysm, lesions
causing extensive obstruction of the renal artery, lesions
associated with multiple sites in the terminal branches, and
stenosis in children that is frequently associated with hyp-
oplasia of the artery. Primary surgical treatment should also
be discussed in patients with only one kidney, who ac-
counted for 20% of the patient population (n  9) in this
series of failed or complicated PTRA.
CONCLUSION
This study does not question the usefulness of PTRA
for the treatment of renal artery stenosis. Our findings do,
however, suggest that indications should be carefully se-
lected and emphasize the need for careful technique.
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